It has been shown (Njoku-Obi and Skinner, 1957) that the most probable number of coliforms and of Escherichia species in human feces is consistently higher when counts are made by dilution extinction methods in standard lactose broth at 35 C than when boric acid lactose broth (Vaughn et al., 1951) at 43 C is used. This is an example of a general phenomenon repeatedly noted in the literature. Another example is the work of Skinner and Brown (1934) . When the most probable number of coliforms from fresh human feces was determined by the dilution extinction method, the same sample usually yielded a much higher count of coliforms and of Escherichia species with lactose broth incubated at 37 C than with glucose broth at 46 C according to the original Eijkman method.
There have been various theories advanced to explain such phenomena but little or no data which would tenid to substantiate the theories. Actually, in most cases, they are merely postulations or assumptions with no proof whatever. The present paper will attempt to subject some of these postulations to proof with the idea of narrowing down the possibilities to one or two, which can then be investigated themselves.
EXPERIMENTAL METHODS
The usual explanation presented is merely that some strains or kinds of organisms are capable of initiating growth in a certain medium or under certain environmental conditions whereas others are not. For instance, Njoku-Obi and Skinner (1957) al., 1955) when mass loop transfers from agar slants are made. It would therefore be assumed that the explanation for the lower counts of Escherichia in feces by the boric acid lactose broth is the existence, in feces, of nontolerant strains. That this is not the true explanation for the results of Njoku-Obi and Skinner (1957) will be shown by the following experiments.
Possible differences in tolerance to boric acid lactose broth among pure cultures. Isolates of Escherichia coli were obtained from high dilutions of feces (Njoku-Obi and Skinner 1957) . These dilutions were inoculated either into boric acid lactose broth (hereafter to be termed BALB) and incubated at 43 C and into standard lactose broth (SLB) and incubated at 35 C. After 48 hr the highest decimal dilutions showing growth, which were always higher in SLB at 35 C than in BALB at 43 C, were streaked on eosine-methylene-blue agar and incubated at 35 C. Colonies were picked, restreaked, reisolated, and stored for some months at room temperature. These cultures consisted of 26 isolated from the BALB-43 C cultures and 26 from SLB-35 C cultures. All cultures grew and produced gas promptly in BALB at 43 C. Since all cultures, which had never been grown in contact with boric acid and never at an elevated temperature, were positive, it would be concluded that all were BALB 43 C tolerant strains. Coliforms from feces were never isolated at any time which, when inoculated by loop transfer into BALB at 43 C, failed to produce gas promptly. Clearly, if there are strains of E. coli in feces which, when transferred into BALB at 43 C by mass inoculations from agar slant cultures, fail to produce gas, they are rare.
The question then poses itself, why do feces invariably give higher counts by the (14) in broth at room temperatures, all gave higher counts with SLB at 35 C than with BALB at 43 C. 4 The probability of such results being fortuitous is extremely small. If the media were equally able to initiate growth, the probability of such results if chance alone operated is 1 in 22i6. An obvious explanation is that some strains isolated from feces are and some are not able to initiate growth is not compatible with the fact that all pure cultures, all of which are capable of initiating growth in BALB at 43 C following mass inoculations, gave higher counts in the SLB at 35 C. The existence of strains incapable of initiating growth is not the explanation for the inability of BALB at 43 C to give as high counts of E. coli in fecal material as SLB at 35 C.
Possible differences in ability of cells of E. coli of different physiological age to initiate growth in BALB at 43 C. A second postulation for the observed phenomenon has been advanced. Skinner and Brown (1934) suggested that viable cells in a population might differ among themselves in their ability to initiate growth in an unfavorable medium. This explanation was suggested by the observation that coliforms of feces counted by the dilution extinction method give counts which were very much higher in SLB at 37 C than in the original Eijkman broth at 46 C. No data to support this proposition were published. A similar explanation could apply to the action of BALB at 43 C. The above experiments show that this might be the case. However, Skinner and Brown also postulate, likewise without data, that the reason the cells in a culture differ among themselves as to their ability to initiate growth in unfavorable media might be their physiologic age. Thus, in fecal material, there might well be cells in the embryonic phase, logarithmic phase, phases of decreasing rate of growth, and death phase. If the cells of various 4Tables to show these and other results in this paper would be voluminous. We are not interested in absolute numbers of organisms, only in ratio of numbers by counts by SLB at 35 C to counts of the same broth culture by BALB at 46 C. Therefore only those ratios will be given. Counts SLB at 35 C (4 day cultures):counts BALB at 43 C = 10, 94.6, 23.1, 10, 21.1, 1.2, 7.3, 1.5, 6.6, 1.4, 41.5, 23 (Sherman and Albus, 1923; Henrici, 1928) as to their ability to initiate growth in an unfavorable medium, the explanation for the action of BALB at 43 C would be apparent. The following experiments clearly show that Skinner and Browni's (1934) postulatioin, although it has had considerable verbal support, is still without experimental evidence. The previous experiments were part of the two following experiments.
The cultures were isolated and grown for 4 days at room temperature in broth as described. At the same time cultures were also grown in broth and transferred into fresh media every 4 hr for 4 days, always at room temperature. The 4 hr culture would consist exclusively of very young cells, the 4 day culture would consist of cells of various ages. Each of these 12 cultures was counted after growth in both media. Both the young and the old cultures gave higher counts with the SLB at 35 C than with BALB at 43 C. If one culture, the young or the old, were more affected by the high temperature and the boric acid than the other, it should consistently, within statistical limits, give higher or lower ratios of counts by SLB at 35 C to counts by BALB at 43 C. However, this was not the case. The ratios with old cultures were higher in seven instances and lower in five instances than the same ratio of the 4 hr pure culture.5 This distribution of the ratios, five in which smaller counts were obtained in the old culture and seven in which the larger counts were obtained, is well within the limits expected if there were no differences between young and old cultures. x2 = .33. The postulated explanation that young cells are less (or more) able to initiate growth in BALB is not supported by the data.
The second part of this experiment was a confirmation of the first. Fourteen other pure cultures were used. Each culture was inoculated into beef peptone broth at room temperatures. One was transferred serially every 12 hr for 10 days by single loop transfer and then transferred and incubated for 4 hr. In the meantime, the second culture was incubated for the full 10 days' time. Each culture was counted after growth in both BALB at 43 C and SLB at 35 C. The ratio of the count on SLB at 35 C to that on BALB at 43 C of the 10 day culture was greater than that of the 4 hr culture exactly the same number of times, seven, that it was less.6 Clearly there is no evidence that older cultures are more likely to initiate growth in 5 Counts SLB 35 C, 4 days/counts BALB at 43 C 4 days: counts SLB 35 C 4 hr/counts BALB 43 C 4 hr = 2.6, 2.2, 1.2, 6.0, 1.4, 6.5, 1.1, 7 cultures. Counts SLB 35 C 4 hr/counts BALB 43 C 4 hr:counts SLB 35 C 4 days/counts BALB 43 C 7 days = 1.3, 3.1, 1.7, 2.5, 1.1; 5 cultures. 6 Counts SLB 35 C 10 days/count BALB 43 C 10 days: counts SLB 35 C 4 hr/counts BALB 43 C 4 hr = 2.3, 2.0, 1.5, 1.7, 1.1, 5.7, 7.2; 7 cultuires. Counts SLB 35 C 4 hr/count BALB 43 C 4 hr:count SLB 35 C 10 days/counts BALB 43 C 10 days = 1.7, 9.6, 2.2, 1.5, 1.5, 1.4, 1.2; 7 cultures.
ACTION OF BORIC ACID LACTOSE BROTH ON COLIFORMS
BALB, 43 C, than younger cultures, nor are they less likely.
Number of cells required to initiate growth in BALB at 43 C. At this point the question poses itself. Since counts of E. coli in a pure culture or in human feces were always less in BALB at 43. C in dilution extinction counts, may it not be due to the fact that more than one, possibly several, cells are necessary to initiate growth? This concept is common in bacteriology especially for anaerobic organisms in certain media. The experiment below will show that this is not the case for E. coli in BALB at 43 C if cultures are already growing in the BALB at 43 C. Twelve cultures of E. coli were run in decimal dilutions in replicates of 10 on BALB at 43 C. A single BALB positive tube of each of the highest dilution that showed gas in 48 hr was counted by both methods. The higher count was observed in the BALB 43 C in five cases, from the SLB 35 C in five cases, and in two cases the counts were the same.7 There is no evidence that one method was superior to the other for cultures already growing in BALB at 43 C.
That the two media are not equally able to initiate growth if the culture had been growing in favorable media at the time of inoculation is shown by the following experiment. SLB cultures of the previous experiment growing at 43 C were chosen, all from the highest dilution, one from each of the 12 cultures. When these 12 organisms had been growing at 35 C in SLB for 48 hr, the E. coli in SLB broth were counted by the use of each medium. In all 12 cases, the count by SLB at 35 C was higher than that by BALB at 43 C.8 This discussion does not encompass any adaptation to adverse conditions of the bacteria and especially no claims are made for the inheritance of acquired characteristics on the part of bacteria.
It seems that only if organisms are growing in the unfavorable medium will any and all cells of this culture initiate growth in the unfavorable medium, but if the organisms are growing in the favorable medium, the counts are much higher in the favorable medium. Throughout it is assumed that SLB at 35 C will promote the growth of all cells, even single ones, of E. coli in SLB. This is the usual assumption in the literature.
It is known that beef peptone broth at 37 C will initiate growth from all single cells of E. coli (Ziegler and Halvorson, 1934) and it is also known that lactose enhances the growth of E. coli. The assumption seems justified, then, that any single cell of E. coli, if it is living, can initiate growth in SLB at favorable temperatures. This assumption is tacitly made in all work in examinations of water, sewage, food, and dairy pro- ducts for the presence of all coliform organisms by standard methods.
Detection of inhibitory factor in BALB broth at 43 C. Extensive studies were made on separating the unfavorable factors, 0.325 per cent boric acid and 43 C temperature. We completely confirmed the results of others (for example Vaughn et al., 1951 ) that both boric acid and the elevated temperature were necessary. Neither BALB at 35 C, nor the same medium minus the boric acid at 43 C was appreciably less able to initiate growth than the boric acid free medium at 35 C. A combination of boric acid at 0.325 per cent and a 43 C incubation temperature always yielded lower counts. Since these data are completely confirmatory of other published data, we need not reiterate.
Possible explanations for inhibitory effect of BALB at 43 C. All the above experiments point to one of two explanations. It may be that E. coli growing at lower favorable temperatures in favorable media always have some cells capable and some incapable of initiating growth in BALB at 43 C. If this is the case, it will explain the results of our present and previous work (Njoku-Obi and Skinner, 1957) . The methods used in the studies would not demonstrate strains, all cells are completely incapable of initiating growth in the unfavorable medium. However, there is no reason for doubting the existence of such strains that others (Vaughn et al., 1951) It is concluded that the effect of boric acid in lactose broth at 0.325 per cent and at 43 C temperature may be explained by one of two postulations. Pure cultures of E. coli having been grown at lower temperatures in nonboric acid media contain some cells which can, and some which cannot, initiate growth in boric acid lactose broth at 43 C. This explanation will fit the known data. Another explanation is this: At least more than one, usually several, cells of E. coli are necessary to initiate growth in boric acid broth at 0.325 per cent and at 43 C, unless cultures are already growing in the latter medium, therefore, the lower "counts" of E. coli in feces would be obtained by dilution extinction methods in such a medium than in standard broth. This theory is also compatible with known facts.
